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Design of compound fatigue test system of compressor blade
and fatigue life analysis

ZHANG Yakui, ZHOU Ruixiang, GUO Shuxiang,
SHANG Bolin, JIA Wentong

(Aeronautics and Astronautics Engineering College,

Air Force Engineering University, Xi'an 710038, China)

Abstract; In order to simulate the typical working condition of aircraft engine, the
effects of the high and low cycle compound fatigue on the fatigue performance of a certain
level compressor blade were researched. To achieve the purpose, a high and low cycle com-
bined fatigue test system was designed, and the compound fatigue test, vibration test and
simulation analysis were conducted. It was concluded that the first order vibration frequency
of the blade of 153. 0 Hz was confirmed, and the compound fatigue test can significantly re-
duce blade life to 58. 6% than pure low cycle loading; through analysis of the curves of S-N
and P-S-N , the degree of fitting of S-N curve can reach to 0. 99. The fracture of the blades
and the macroscopic and microscopic characteristics of the fracture showed fatigue source,
high cycle loading extended area, low cycle loading extended area and fracture area at the
same time. The clear characteristics area of fracture under the compound fatigue effect was

found. The rationality and feasibility of this test system were illustrated.

Key words: compressor blade; compound fatigue; blade life; S-N curve;

P-S-N curve; fracture analysis
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Fig. 1 Fracture position of the blade
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Fig. 2 Local stress contour of the blade
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Fig. 3 Load path of compound fatigue test of blade
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Fig. 7 Load spectrum of compound fatigue test
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Table 1 First order vibration frequency data of the blade
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the first order vibration frequency
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Table 2 Low cycle fatigue life of the blade

A Ny/cycle Ny F¥{H/ cycle

3 5486, 5963, 4928 5459
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Table 3 Compond fatigue life of the blade with

different high cycle vibration stress amplitudes

W A R B N,
=) = — N/ N,/
e R/ JiRE/ -1/
cycle cycle
pm MPa cycle
1 10 57.1 3714 12659200
2 15 85.1 2983 10169520
3 20 113.0 2357 8035710
4 25 141.0 2083 2261 7101574
5 30 168. 9 1804 6150270
6 35 196. 9 1503 5123950
7 40 224.8 1386 4723120
4 BEESARIELNBETHRINESES S50

Table 4 Compound fatigue life of the blade with

fixed high cycle vibration stress amplitude

J5R=3 f{j/&l\‘/[fa N, /cycle N, /cycle
1 3714 12659200
2 5806 19790320
3 3541 12070960
4 57.1 3923 13371280
S 4552 15514400
6 3797 12941280
7 3405 11606560
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Fig. 9 Median S-N curve of the compound fatigue of
the blade
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Fig. 11  Fracture inspection place of the blade under

the reaction of compound fatigue
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Fig. 12 Fracture of the blade with pretreatment
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